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It is proposed t o  measure the decreasing g l o b a l  concen t r a t ion  of an OH reac- 
t i v e  i s o t o p i c  tracer, C2D6, a f t e r  its i n t r o d u c t i o n  i n t o  t h e  t roposphere i n  a man- 
n e r  t o  f a c i l i t a t e  uniform g loba l  mixing. Analyses a t  t he  l e v e l  of 2 x mole 
f r a c t i o n ,  corresponding t o  one kg uniformly d i s t r i b u t e d  g l o b a l l y ,  should be pos- 
s i b l e  by a combination of cryogenic abso rp t ion  techniques t o  s e p a r a t e  e thane from 
a i r  and h igh  s e n s i t i v i t y  i s o t o p i c  a n a l y s i s  of e thane by mass spectrometry.  
Al iquots  of C2D6 t o t a l i n g  one kg would be introduced a t  numerous sou the rn  and 
no r the rn  l a t i t u d e s  over a 10 day period i n  o rde r  t o  achieve a uniform g l o b a l  con- 
c e n t r a t i o n  within 3 t o  6 months by t h e  normal atmospheric c i r c u l a t i o n .  Then 
s a m p l e s  of a i r  of 1000 R (STP) would be c o l l e c t e d  p e r i o d i c a l l y  a t  a t r o p i c a l  and 
temperate zone l o c a t i o n  i n  each hemisphere and spiked with a known amount of an- 
o t h e r  i s o t o p i c  spec ie s  of e thane,  13C2H6, a t  t h e  l e v e l  of mole f r a c t i o n .  
After  s e p a r a t i o n  of t h e  ethanes from a i r ,  t h e  abso lu te  concen t r a t ion  of C2D6 
(C2D6/ C2H6 - would be analyzed using t h e  Argonne 100-inch r a d i u s  mass 
spectrometer .  The e f f e c t i v e  g loba l  average concen t r a t ion  of OH i s  determined by 
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where the  rate constant f o r  the  oxidat ion of C2D6 by OH, k = 3.06 x 10-l' I. 
cm3 molecule-' sec-l (C. M. Stevens and Bunschul, unpublished).  
concen t r a t ion  of 10 molecules/cm the l i f e t i m e  is  1.1 years .  
For  an  average OH 
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Concentrat ion d i f f e r e n c e s  of C2D6 due t o  hemispheric and seasona l  d i f f e r e n c e s  
i n  OH concen t r a t ion  should be observable w i t h i n  the  expected accuracy of t h e  
ana lyses  of f 1 t o  3%. 
The p r i n c i p a l  t e c h n i c a l  d i f f i c u l t i e s  are expected t o  be non-uniformities i n  
t h e  mixing of the tracer and the unce r t a in ty  of the  competi t ive scavenging of C2D6 
by C 1  r a d i c a l s  (Ch i l t z  e t  a l . ,  1963), e s t ima ted  a t  20% of t he  OH removal rate 
(Aiken e t  a l . ,  1982). 
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Comments 
This  concept rece ived  widespread approval from many workshop 
p a r t i c i p a n t s ,  not  as a check on cu r ren t  l e v e l s  of OH but  as a method t o  set  a 
series of measurements t o  be c a r r i e d  out  over many years. The i d e a  i s  t o  
r epea t  t h e  measurements over each 5 t o  10 year  per iod  f o r  s e v e r a l  decades. It  
can then  be used t o  o b t a i n  a determinat ion of any change i n  t h e  ox id iz ing  
capac i ty  of t h e  atmosphere, a parameter of d i r e c t  u t i l i t y  i n  f o r e c a s t i n g  
f u t u r e  changes (one estimate p laces  a 25 percent  decrease  i n  t h i s  q u a n t i t y  
over t h e  last  35 years). For example, has t h e  i n c r e a s e  i n  t roposphe r i c  ozone 
inc reased  o r  decreased OH? 
With a l a r g e  mass spectrometer  as suggested he re ,  10-l' mole f r a c t i o n  of 
t h e  r e l e a s e d  r e a c t a n t  can be determin d i n  5 minutes. A f u l l y  g l o b a l l y  mixed 
1 kg sample w i l l  y i e l d  6 molecules/cm . The choice  of C2D6 i s  a good one but  
should be looked a t  f u r t h e r .  Are t h e r e  any p o s s i b i l i t i e s  t h a t  it w i l l  be 
r e l e a s e d  o u t s i d e  t h i s  experiment,  t hus  contaminating t h e  r e s u l t s ?  (What are 
o t h e r  uses  f o r  t h i s  compound?) Background measurements should be made t o  
address  t h i s ;  t h e s e  should be easy t o  do. There is concern about  t h e  e f f e c t s  
of CR atoms i n  t h e  atmosphere; a t  l i k e l y  concen t r a t ions  worldwide and w i t h  
probable  r e a c t i o n  ra tes ,  they w i l l  account f o r  about 20 percent  of t he  t o t a l  
C2D6 l o s s  ra te  according t o  some es t imates .  
t h e r e  was t o o  l i t t l e  CR i n  t h e  troposphere t o  cause any loss. 
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Another p a r t i c i p a n t  however f e l t  
Perhaps less ambiguity can be achieved us ing  o t h e r  compounds, f o r  example 
CD3CF2CD3, which is less common and w i l l  have f a r  less contamination. 
course ,  r e a c t i o n  rates w i l l  need t o  be c a r e f u l l y  determined i n  t h e  l abora to ry .  
Mul t ip l e  releases us ing  d i f f e r e n t  r eac t an t s  ( t h e  use of t h r e e  was suggested)  
may be va luab le  i n  t h i s  regard.  Unsaturated compounds r e a c t  w i t h  03 no t  OH, 
so s a t u r a t e d  hydrocarbons are b e t t e r .  
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Of major concern are l a r g e  nonuniformit ies  i n  concen t r a t ion  r e s u l t i n g  
from release and subsequent c i r c u l a t i o n  p a t t e r n s .  These could cause a l a r g e  
e r r o r  i n  the decay r a t e  i f  not proper ly  accounted f o r  i nc lud ing  nonuniformi- 
ties i n  t h e  o x i d i z e r  concent ra t ions .  Calcu la t ions  wi th  a g l o b a l  c i r c u l a t i o n  
model are needed here.  
t o  vary a t  c e r t a i n  l o c a t i o n s  by a f a c t o r  of 3 on a seasona l  b a s i s .  Non- 
r e a c t i v e  tracers would he lp  here  although no s u i t a b l e  s p e c i e s  has  been found 
f o r  t h i s  purpose y e t .  Some p a r t i c i p a n t s  were concerned about e r r o r s  i n  t h e  
measurements, t h a t  i s ,  nonrepea tab i l i t y  due t o  d i f f e r e n c e s  i n  t roposphe r i c  
c i r c u l a t i o n  and chemistry.  This was est imated as h igh  a s  15 percent  f o r  a 
g iven  measurement f o r  a homogeneously re leased  compound w i t h  a chemical 
l i fe t ime of one yea r ,  measured one year a f t e r  release. 
cons idered  he re ,  t h i n g s  could be worse. Again, c a l c u l a t i o n s  w i t h  a g l o b a l  
c i r c u l a t i o n  model need t o  be performed t o  address  these  ques t ions .  
1 
For example, the  concen t r a t ion  of C2H6 has been found 
For t h e  C2D6 
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